ABSTRACT.-The Least Bell's Vireo (Vireo bellii pusillus) was listed as state endangered in 1980 and federally endangered in 1986 in response to a sharp population decline and range reduction. This vireo commonly bred in riparian forests throughout the Central Valley of California, but prior to 2005, no nesting pairs had been confirmed in the region in over 50 years. On 29 June 2005, a Least Bell's Vireo nest was located in a 3-year-old riparian restoration site at the San Joaquin River National Wildlife Refuge in Stanislaus County, California. In 2006, a Least Bell's Vireo pair returned to the refuge to successfully breed, followed by an unsuccessful attempt in 2007 by an unpaired female. These records are approximately 350 km from the nearest known breeding population and appear to be part of a growing number of sightings outside of the species' current southern California breeding range. These nesting attempts lend credence to the idea that extirpated species can recolonize restored habitat by long-distance dispersal.
The Least Bell's Vireo (Vireo bellii pusillus) was a common riparian breeder throughout coastal southern California and the Central Valley, including the San Joaquin Valley to the south and the Sacramento Valley to the north ( Fig. 1 ; Goldman 1908, Grinnell and Miller 1944) . Although the Least Bell's Vireo was considered one of the most abundant species in California, Grinnell and Miller (1944) noted population declines in the Sacramento and San Joaquin valleys as early as the 1930s. From the 1800s to the 1970s, there was a 95% loss of riparian habitat in the Central Valley (Smith 1977 , Katibah 1984 . Data on Least Bell's Vireos from the 1940s through the 1960s are lacking, but extensive surveys of the Central Valley in the late 1970s did not detect a single individual (Goldwasser et al. 1980) . The Least Bell's Vireo was listed as state endangered in 1980 and federally endangered in 1986, with their population decline likely due to nest parasitism by Brown-headed Cowbirds (Molothrus ater) and habitat conversion to agriculture (USFWS 1998) . By 1986, only 300 pairs re mained, with the majority in San Diego, Riverside, and Santa Barbara counties and 8 or fewer pairs or territorial males in each of the following counties: San Bernardino, Riverside, Orange, Los Angeles, Ventura, Inyo, and Monterey (USFWS 1998) .
After the Least Bell's Vireo was listed as endangered, the population grew eightfold within southern California to an estimated 2500 pairs by 2004, likely due to extensive riparian restoration and removal of the Brown-headed Cowbird (Kus 1998 , unpublished data by Kus and Hayes cited in Kus and Whitfield 2005) , which is an obligate brood parasite. Within southern California, the Least Bell's Vireo recolonized the Santa Clara River (Ventura County) to the north (B. Kus personal communication) and the Mojave River (San Bernardino County) to the northeast (Kus and Beck 1998) . The current breeding range is generally thought to extend from northwest Baja California to southwest California ( Fig. 1; CDFG 1995 , USFWS 1998 . Although the Salinas River is mapped by the California Wildlife Habitat Relationship database (CDFG 1995) as the northernmost breeding population, breeding has not been confirmed there since 1983 (Roberson 2002 Grinnell and Miller (1944) .
In this study we (1) 
RESULTS

Least Bell's Vireo Observations
On 10 June 2005, we detected a male Least Bell's Vireo singing at SJRNWR during a scheduled survey (Kreitinger and Wood 2005) . Later that day, a male and female were seen feeding 2 dependent fledglings. On 29 June 2005, a presumed second nesting attempt was discovered on hatching day, with 2 eggs and 2 young. No Brown-headed Cowbird eggs or young were observed. On 1 July 2005, the nest contained 4 young; and by 11 July, the young had fledged. The male was later seen feeding 2 dependent fledglings within the territory. The female and 2 other fledglings were not found despite extensive searches in the area. The female was last seen on 12 July. It is not uncommon for females to disperse from the area with one or more fledglings while the male cares for the rest of the brood within or near the territory (B. Kus, personal communication). On 13 July, the male was captured in a mist net and banded with a blue anodized leg band. and it never sang, suggesting it was female. By 21 May, 4 eggs had been laid in the nest, which confirmed that the adult bird was female. The eggs were all the same size, shape, and color, with no Brown-headed Cowbird eggs (Fig. 2) .
The Least Bell's Vireo was last seen on 1 June, with the eggs remaining unhatched; no other Least Bell's Vireos were observed in the vicinity of the nest or at SJRNWR. Although the bird was not seen after 1 June, the eggs were rearranged in the nest at least twice prior to 11 June, indicating that the female was 
Nest Site Characteristics
The 2005 nest was suspended 84 cm from the ground in a forked lateral branch of a cultivated 3-year-old arroyo willow (Salix lasiolepis) that was 450 cm high and had a 4-cmdiameter central bole. Multiple mugwort plants around the arroyo willow were 200 cm high with a stem density of 16.3 stems ⋅ m -2 (number of stems counted at 10 cm from the ground and within a 5-m radius of the nest). Nest concealment values 1 m above, below, north, south, east, and west of the nest were 40%, 0%, 0%, 30%, 0%, and 90%, respectively.
The 2006 nest was suspended 101 cm from the ground in a forked branch of a cultivated 3-year-old arroyo willow which was 500 cm high and had a 10-cm-diameter central bole. The nest was located within the interior of the arroyo willow approximately 110 cm from the edge of the plant. Additional nest concealment was provided by gumplant, sunflower (Helianthus annuus), and creeping wild rye. Nest concealment values 1 m above, below, north, south, east, and west of the nest were 30%, 0%, 10%, 0%, 90%, and 30%, respectively.
The 2007 nest was suspended 72 cm from the ground in a forked branch of a dead arroyo willow, with some support from a silverleaf horseweed (Conyza coulteri) stem. The nest was mostly concealed by a Fremont cottonwood (Populus fremontii) that had fallen over, but still had green leaves. Nest concealment values 1 m above, below, north, south, east, and west of the nest were 80%, 5%, 30%, 5%, 5%, and 50%, respectively.
Least Bell's Vireo Records from
Northern California
Records of Least Bell's Vireos in northern California have been rare in the past 25 years, but the number of sightings appears to be increasing (Fig. 3) .
Confirmed breeding records include the 2005-2007 nests at SJRNWR, a 1983 breeding record in Monterey County (Roberson 2002) , and a 1997 record of a breeding pair near Gilroy in Santa Clara County (Roberson et al. 1997) .
Sightings of individual birds (generally singing males) during the breeding season from 1983 to 2007 (Fig. 3) 1988 , 1993 (Bailey et al. 1988 , 1993 , Roberson 2002 (Cole et al. 2006c ). We considered breeding season records as observations of a singing male or a single adult bird between 10 April and 11 August (most records were from May through July). However, breeding was never confirmed for many of these sightings.
Nonbreeding-season records of presumed Least Bell's Vireos from 1983 to 2007 (Fig. 3) include individual sightings in Marin County in 1985 (Bailey and Campbell 1985) , Sacramento County in 1993 and 1995 (Bailey et al. 1994 (Bailey et al. , 1996 , Monterey County in 1995 and 2003 (Bailey et al. 1996 , Cole et al. 2004 (Fig. 1) . The Salinas River is closer (Fig. 1) , but breeding has not been confirmed there since 1983 (Roberson 2002) . Grinnell and Miller (1944) were the last to document the Least Bell's Vireo in the Central Valley. Presumably the birds they observed included nesting individuals; however, the last confirmed nest records in the valley occurred in 1919 in La Grange, Stanislaus County (MVZ 1919) , and in Delhi, Merced County (WFVZ 1919) .
Only one Least Bell's Vireo was observed in 2007, yet a nest was completed and 4 vireo eggs were laid. We believe the eggs were unfertilized because they remained fluid filled (with some air pockets) late into the incubation period (Fig. 2) , indicating a lack of embryonic development. Also, no male was ever observed. Male Least Bell's Vireos are known to be very vocal during the breeding season (Brown 1993 ). Because we surveyed the area regularly before and after the nest was found (approximately 30 person hours in the vicinity), it is highly unlikely we missed detecting a male.
The breeding activity from 2005 to 2007 occurred in 3-5-year-old riparian restoration plots with conditions similar to the breeding habitat favored in southern California: early to mid-seral-stage riparian forests between 3 and 5 years old and a high-density understory (Kus 2002) . The nest site characteristics were also similar to those favored in southern California. Mean nest height at SJRNWR was 85.7 cm, comparable to the mean of 90 cm observed in a southern California study of Least Bell's Vireos (n = 231; Kus et al. 2008) . All 3 nests at SJRNWR were located in arroyo willow, which was also the most commonly used nest plant in the southern California study.
For Least Bell's Vireos to expand outside of their southern California range, there must be dispersal events and suitable available habitat. Successful breeding in southern California likely facilitated dispersal into a greater extent of their historic breeding range in southern California between 1986 (Kus and Beck 1998 , USFWS 1998 , Kus and Whitfield 2005 and may now facilitate dispersal into the Central Valley, where riparian restoration efforts have created suitable habitat. The nonbreedingseason records of Least Bell's Vireos in northern California (Fig. 3) are likely due to dispersing individuals, although there have been records of Least Bell's Vireos overwintering in California (USFWS 1998) . Additional dispersal may also occur as southern California breeding sites become saturated. Franzreb (1990, page 109) felt that the Least Bell's Vireo "probably will not repopulate the Central Valley through natural reinvasion" because of the bird's site tenacity, the long distances required to disperse, and the intervening mountainous habitat. Very limited data are available on passerine dispersal in general; most species show median dispersal distances of <10 km (Sutherland et al. 2000 , Winkler et al. 2005 ). Our observations establish that long-distance dispersal is possible for Least Bell's Vireos. The presumed minimum dispersal distance we observed (350 km) is not unprecedented, as several species of passerines and near-passerines have reported maximum dispersal distances of approximately 400 km (Sutherland et al. 2000) . In addition, Least Bell's Vireos have dispersed as far as 250 km to colonize new sites along the Santa Clara and Ventura rivers in Ventura County (Greaves and Labinger 1997, B. Kus personal communication) .
The presence of stable or increasing populations of Least Bell's Vireos in the Sacramento and San Joaquin valleys is considered a criterion for downlisting the species (USFWS 1998) , so it is encouraging that they are being detected in northern regions of their former breeding range, especially in the Central Valley. Aiding in the recovery of imperiled species is an important restoration goal, and riparian restoration has been successful at increasing the number and diversity of extant wildlife in the Central Valley (Gardali et al. 2006 , Golet et al. 2008 as well as providing breeding habitat for Least Bell's Vireos in southern California (Kus 2002) . The growth of the southern California Least Bell's Vireo population gives reason to believe that the birds will disperse northward as breeding habitat becomes saturated. The growing number of observations of Least Bell's Vireo in northern California indicates that dispersal outside of southern California is already occurring.
The 2005-2007 Least Bell's Vireo breeding records at SJRNWR highlight the critical role of restoration in creating habitat for specialstatus species and suggest that it may be possible for dispersal (versus translocation) to reestablish the Least Bell's Vireo in the Central Valley. As more riparian habitat becomes available through restoration, the odds of these dispersing Least Bell's Vireos encountering suitable breeding habitat will likely increase in the Central Valley as well as in other locations within their historic breeding range.
Future restoration of riparian areas in the northern portion of the historic range of the Least Bell's Vireo would be beneficial for that species as well as for other taxa (Gardali et al. 2006 , Golet et al. 2008 ). The SJRNWR Least Bell's Vireo nests were situated within a 121-ha restored patch at an early to midsuccessional stage that was immediately adjacent to 447 ha of mature remnant riparian forest. These observations suggest that Least Bell's Vireos may be more likely to colonize larger restorations as well as restorations situated adjacent to mature riparian forest. Early seral to midseral riparian forests with a dense understory provide important nesting habitat for this endangered bird. Successful management of this transitional habitat could be achieved by the following: (1) continuation of restoration activities to maintain a proportion of appropriate habitat within the landscape; (2) active management (e.g., occasional mowing, burning, flooding, etc.) of existing habitat to maintain appropriate successional stages; (3) enhancement or restoration of natural ecological processes, such as hydrological and fire regimes, to naturally maintain appropriate successional stages; and (4) design of restoration to promote and prolong early seral to mid-seral riparian vegetation (e.g., planting more shrubby species and fewer climax species). Most importantly, restoration site selection and planting design will be most successful when undertaken as a collaborative partnership among agencies, land managers, horticulturalists, and wildlife biologists. 
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